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Noncommunicable diseases (NCDs) globally account for the largest burden of 
early mortality and are predicted to cost more than US$30 trillion over the next 
20 years (Bloom et al., 2011). However, when the global burden of disease is 
viewed in terms of disability rather than mortality, mental and substance use dis-
orders account for the leading cause of health-related disability worldwide, with 
unipolar depression alone accounting for the second highest number of years lost 
to disability (Murray et al., 2013). Although methodological challenges compli-
cate attempts to assess possible increases in the prevalence of mental disorders, 
there are data to support such increases from the United States (Twenge et al., 
2010), Britain (Collishaw et al., 2004), Taiwan (Fu et al., 2013), and Australia 
(O’Donnell et al., 2013), although upward trends in young people may be plateauing 
(Maughan et al., 2008).
Although three of the “Big Four” NCDs—cardiovascular disease (CVD), type 2 
diabetes mellitus, and cancer—are well known to be directly influenced by unhealthy 
diet (WHO, 2011; Swinburn et al., 2011), there is now highly consistent evidence 
across age groups, cultures, and countries to suggest that unhealthy diet is also a 
key risk factor for common mental disorders, particularly depression. The following 
presents a discussion of the change to global eating patterns and the recent literature 
highlighting the relationships between diet and mental health.
CHANGES TO THE FOOD SUPPLY AND GLOBAL  
IMPACT ON HEALTH
Substantial changes in efficiencies of production, marketing, transport, and sale of 
food have had a highly detrimental impact on dietary patterns across the globe, with 
a widespread shift toward increased intake of fast foods and sugar-sweetened bever-
ages (Adair and Popkin, 2005). In the West, dietary patterns are commonly high in 
saturated fats and refined sugar, with nutrient-poor and energy-dense foods contrib-
uting approximately 30% of the daily intakes of US adults (Kant, 2000). A compre-
hensive review of data from the recurrent National Health and Nutrition Examination 
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Surveys in the United States concluded that only one in 10 Americans has a “good” 
diet (Briefel and Johnson, 2004). Although slight improvements have been detected 
in the dietary intakes of sugar and fats in recent years, intakes of nutrient- and fiber-
rich vegetables and whole grains remain far lower than recommended (Bowman 
et al., 2014). Moreover, compared with wealthier areas, the urban built environment 
of those living in low socioeconomic status neighborhoods promotes unhealthy food 
consumption, with more fast food outlets and convenience stores and associated 
advertising of unhealthy food products than wealthier areas (Larson et al., 2009), 
leading to pronounced health inequalities.
Equally, changes in economic conditions in developing economies, including 
increased income, trade liberalization, and globalization, as well as increased pen-
etration of processed food industries, have led to profound shifts in habitual dietary 
patterns away from traditional diets higher in plant foods rich in fiber and nutrients 
toward patterns characterized by manufactured food products higher in saturated 
fat, sugar, salt, and refined carbohydrates and foods of animal origin. As a result, 
there is now a far greater burden of poor health and mortality from NCDs than from 
undernutrition and infectious diseases in Latin America, North Africa, the Middle 
East, South East and East Asia, and the Pacific Rim (Popkin, 2002). Indeed, more 
than three-quarters of all nutrition-related chronic diseases occur in developing 
countries (Popkin and Du, 2003). As one example, consumption of whole-grain 
cereals and vegetables decreased in China between 1989 and 1997 whereas the 
consumption of meat, meat products, and plant oils increased (Popkin and Du, 
2003). This represents a shift away from carbohydrates to fats as the dominant 
energy source and was reflected in a concurrent increase in the prevalence of over-
weight individuals and obesity in China (Popkin and Du, 2003). Likewise, Indian 
data from 1987 to 1988 and from 1999 to 2000 showed a decrease in the con-
sumption of rice and wheat, while whole milk and egg consumption increased, as 
did consumption of biscuits, salted snacks, prepared sweets, edible oils, and sugar 
(Food and Agriculture Organization, 2004). Alongside these changes were declines 
in the intake of fruit and vegetables. In particular, consumption of processed foods 
and ready-to-eat foods were observed to increase with income. Concordant with 
these changes, in 1999 one-third of men and half of women in the middle classes 
in India were obese.
When considering changes in dietary patterns over recent decades, it is also 
worth making a comparison with the composition of our ancestors’ diets. It is esti-
mated that dietary intakes of micronutrients for early humans may have been up to 
10 times that of modern humans because of the composition of wild plant foods 
known to be consumed by hunter-gatherers (Brand-Miller and Holt, 1998); carbohy-
drate consumption was almost exclusively derived from fruits and vegetables (Eaton 
and Eaton, 2000). In comparison, contemporary Americans obtain 72% of their total 
dietary energy from dairy products, cereals, refined sugars, refined vegetable oils, 
and alcohol (Cordain et al., 2005). Furthermore, the high potassium-to-sodium ratios 
and high fiber intakes known to characterize Paleolithic diets are the inverse of con-
temporary Western diets (Cordain et al., 2005).
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Although there was wide variation in dietary regimens for Stone Agers, preag-
ricultural humans consumed more animal protein than current Westerners (Eaton 
and Eaton, 2000). A meta-analysis of dietary studies of hunter-gatherers reported 
that animal foods provided approximately 65% of energy intakes for early humans 
(Cordain et al., 2002). However, this did not appear to adversely affect CVD risk 
factors because of the different lipid profiles of the foods consumed; in contrast to 
intensively farmed cattle, wild game contain high levels of monounsaturated fatty 
acids as well as long-chain polyunsaturated fatty acids (PUFAs). In concert with 
higher intakes of plant foods and lower intakes of sodium, as well as much higher 
levels of physical activity, this pattern of consumption served to inhibit the develop-
ment of CVD (Cordain et al., 2002). In support of this, intervention studies per-
formed in indigenous Australian populations have reported a pronounced reduction 
in risk factors for CVD, as well as metabolic abnormalities associated with diabetes, 
after reversion to a traditional hunter-gatherer diet containing substantial quantities 
of red meat from wild animals (O’Dea, 1984; O’Dea and Sinclair, 1985). Reflecting 
these findings, nutritional studies of contemporary hunter-gathers have reported high 
plasma concentrations of folate and vitamin B12 (Metz et al., 1971).
Another important aspect of the shift in habitual diets globally is that of an increase 
in refined carbohydrate consumption. The consumption of caloric sweeteners, which 
include high fructose corn syrup and a wide range of other monosaccharides (glucose 
and fructose) and disaccharides (sucrose and saccharose), has increased significantly 
across the globe (Popkin and Nielsen, 2003), largely because of the proliferation of 
processed foods that have these sweeteners added to them. An analysis of exposure 
data from 52 countries, performed at Harvard University, demonstrated that raised 
blood glucose accounts for 21% of ischemic heart disease and 13% of stroke mor-
tality worldwide (Danaei et al., 2006). Of note, higher-than-optimal blood glucose 
concentrations were associated with a higher risk of mortality than full-blown dia-
betes (Danaei et al., 2006). This underscores the deleterious impact of these dietary 
changes on a global scale.
NUTRIENTS AND MENTAL HEALTH
Although there has long been interest in the idea that diet is related to mental health, 
before 2009, scientific data were scarce and the existing literature focused primarily 
on individual nutrients or foods—particularly fish and the long-chain omega-3 poly-
unsaturated fatty acids (n-3 PUFAs). Estimates from studies examining Paleolithic 
nutrition and extant hunter-gatherer populations suggest that humans evolved to con-
sume a diet consisting of an omega-6 to omega-3 ratio of 1–2:1 (Eaton and Konner, 
1985). This compares to Western ratios of between 10 and 20:1 (Simopoulos, 2001). 
Several lines of evidence indicate that these changes in fatty acid consumption may 
have had a detrimental impact on mental health.
In one of the first studies in this field, Hibbeln (1998) suggested that substantial 
cross-national variation in prevalence rates of depression may be, in part, a function 
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of a demonstrated, strong, inverse correlation between national levels of fish con-
sumption and national depression prevalence rates across nine countries. In a similar 
study (Hibbeln, 2002), postpartum depression was inversely associated with docosa-
hexaenoic acid (DHA) concentrations in breast milk in a multinational comparison 
of 16 countries, whereas a strong inverse relationship also existed between post-
partum depression and fish consumption across 22 countries. Likewise, in another 
cross-national comparison (Noaghiul and Hibbeln, 2003), higher national seafood 
consumption was associated with lower prevalence rates of bipolar spectrum dis-
orders. To test the hypothesis according to its proposed biological mechanisms, 
schizophrenia data were used as a control condition. Seafood consumption was not 
associated with national prevalence rates of schizophrenia in any analysis, supporting 
a specific relationship between n-3 PUFAs and mood disorders. Although these stud-
ies present findings that are supportive of the hypothesis of a relationship between 
n-3 PUFA consumption and depressive illness, the results must be viewed with cau-
tion. Clearly, a correlation between factors at the national level may be explained by 
a multitude of cultural, social, and economic factors that could not be controlled for 
in appropriate multivariate analyses. On the other hand, cross-national studies may 
provide a valuable perspective because the habitual consumption of a particular food 
group may be more stable over time at a population level than in that of individuals.
In several population studies, which allow for an assessment of possible con-
founding, low levels of fish and/or n-3 PUFA consumption are associated with 
increased depression (Appleton et al., 2007; Bountziouka et al., 2009; Colangelo 
et al., 2009; Silvers and Scott, 2002; Tanskanen et al., 2001; Timonen, et al., 2004), 
although some of these studies suggest nonlinear relationships (Jacka et al., 2013a; 
Sanchez-Villegas et al., 2007). However, trials of n-3 PUFA supplementation in 
depression have yielded equivocal results. One meta-analysis examining the effect 
of n-3 PUFA supplementation for depressed mood concluded that there was a small 
beneficial effect of treatment with n-3 PUFA compared with placebo, but that this 
benefit was restricted to those with major depressive disorder (MDD; Appleton 
et al., 2010). This may reflect an increased need for the long-chain omega-three 
fatty acids for those suffering major depression, in which the increased inflammation 
and accompanying oxidative stress commonly observed in major depression (Maes 
et al., 2011) results in increased lipid peroxidation and a reduction in lipid levels in 
neuronal membranes. On the other hand, another meta-analysis suggests that supple-
mentation with n-3 PUFA formulations that are relatively higher in eicosapentaenoic 
acid (>60%) compared with DHA may be efficacious in treating depression (Lin 
et al., 2012). Another meta-analysis also concluded that n-3 PUFA as an adjunctive 
supplement improves bipolar depression but not mania (Sarris et al., 2012).
There are many other nutrients found in healthy foods that have also been related 
to mental health. Folate is found in abundance in vegetables, fruits, and salads, yet 
the intake of these foods is commonly less than recommended dietary intakes within 
populations. Clinical studies have long observed folate deficiency and low folate sta-
tus in those with clinical depression, and low folate is also associated with depression 
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in population studies (Morris et al., 2003), even in the presence of folate fortification 
(Ramos et al., 2004). Indeed, population studies are plentiful. In a study of middle-
aged Finnish men, the odds of self-reported depression for those in the lowest tertile 
of folate intake were increased by nearly 50% after all adjustments (Tolmunen et al., 
2003), whereas another prospective study in Finnish men reported that intakes of 
folate below the median were associated with a threefold increased risk of MDD over 
more than 10 years of follow-up (Tolmunen et al., 2004). Likewise, a study of 732 
elderly Korean men reported that lower serum levels of folate and vitamin B12 and 
higher levels of homocysteine were all associated with an increased risk of clinically 
significant depression over the follow-up period (Kim et al., 2008), whereas a Japa-
nese study reported that serum folate levels predicted depression risk over 3 years 
of follow-up in office workers (Nanri et al., 2012). Two cross-sectional, population-
based studies also examined this relationship and found a significant, linear asso-
ciation of folate intake with depressive symptoms in Japanese men, but not women 
(Murakami et al., 2008), and an inverse relationship between folate intake and MDD 
in Australian women (Jacka et al., 2012b). A meta-analysis of case-control, popu-
lation, and cohort studies confirmed the association between low folate status and 
depression (Gilbody et al., 2007), whereas a Cochrane review concluded that folate 
may be useful as an adjunctive treatment for depression, although it is still unclear as 
to whether supplementation will benefit those with low and normal levels of folate 
(Taylor et al., 2004).
Magnesium is another micronutrient that is found in abundance in healthy foods, 
such as fruits, vegetables, fish, legumes, and whole grains, and it is inversely associated 
with depression. A recent meta-analysis including data from nearly 20,000 partici-
pants reported a 1.34-fold increased risk of hypomagnesemia in those with depres-
sion (Cheungpasitporn et al., 2015); however, data from population studies focusing 
on dietary intakes are somewhat equivocal. Jacka et al. (2009) observed an inverse 
relationship between dietary magnesium intake and depression in a large sample of 
community-dwelling men and women in Norway that was independent of potentially 
confounding variables and reported similar inverse and independent relationships 
between magnesium intake and clinical depressive disorders in Australian women 
(Jacka et al., 2012b). In contrast, Derom et al. reported no relationship between mag-
nesium intake and depression risk in the SUN Cohort study (Derom et al., 2012). 
Likewise, an inverse relationship between magnesium intake and depression in a large 
US study was only observed in younger people (Tarleton and Littenberg, 2015), with 
a positive relationship seen in older people. Barragan-Rodriguez et al. reported that 
magnesium supplementation was as effective as pharmacotherapy in treating depres-
sion in elderly diabetic patients with hypomagnesemia (Barragan-Rodriguez et al., 
2008). However, magnesium was not found to alleviate symptoms of depression or 
anxiety in premenstrual women (Walker et al., 1998). Certainly, experimental studies 
support a role for magnesium in depression; in animals, a magnesium-deficient diet 
increases depression and anxiety-related behavior (Singewald et al., 2004), whereas 
magnesium treatment appears to improve such behaviors (Poleszak et al., 2004, 2005).
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Zinc is another nutrient of particular interest in depressive illness. There have now 
been cross-sectional studies showing inverse relationships between the dietary intake 
of zinc and self-reported depression in pregnant women (Roy et al., 2011), female 
students (Amani et al., 2011), and a large representative sample of Australian women 
(Jacka et al., 2012b). In support of this finding, a recent study has also reported that 
women habitually consuming less than the recommended intake of red meat, a food 
rich in zinc, were more likely to be diagnosed with clinical depressive and/or anxiety 
disorders (Jacka et al., 2012a), although higher than recommended levels of intake 
were also associated with an increased likelihood of these illnesses. Low dietary zinc 
intake was also associated with increased risk of depression in older Australian men 
and women over time (Vashum et al., 2014). In a clinical context, low concentra-
tions of zinc are commonly observed in patients with major depression (Swardfager 
et al., 2013) whereas zinc supplementation has been shown to enhance the efficacy 
of antidepressant therapy (Nowak et al., 2003a), with a systematic review supporting 
its use as an adjunctive therapy (Lai et al., 2011). There are also supportive data from 
animal studies suggesting that zinc may exert antidepressant effects (Nowak et al., 
2003b). Thus further studies of zinc as a mono- and adjunctive therapy in depression 
may be warranted.
DIET QUALITY
It is important to recognize that magnesium, folate, zinc, and long-chain fatty acids 
are all components of a healthy diet, found primarily in foods such as leafy green 
vegetables, legumes, whole grains, lean red meat, and fish. As such it is likely that 
the apparent relationship between the consumption of these individual components 
of food and mental health is explained by the overall quality of an individual’s 
habitual diet. As a response to this understanding, the new field of nutritional psy-
chiatry has now, in concert with the wider field of nutrition research, moved away 
from examining individual nutrients toward an examination of the importance of 
whole diet in mental health. In this context there have now been many observa-
tional studies published in the last several years demonstrating cross-sectional and 
prospective relationships between diet quality and the common mental disorders 
in adults, adolescents, and children. In the first study to examine the relationship 
between dietary patterns and clinical mood and anxiety disorders, a dietary pattern 
comprising vegetables, fruit, beef, lamb, fish, and whole-grain foods was associ-
ated with a reduced likelihood of clinically diagnosed depressive and anxiety disor-
ders, whereas a Western dietary pattern comprising processed and unhealthy foods 
was associated with an increased likelihood of psychological symptoms as well as 
MDD and dysthymia in Australian women. Increased a priori diet quality scores 
were also associated with reduced psychological symptoms (Jacka et al., 2010b). 
In this same cohort of women, increased scores on the same healthy dietary pattern 
were also associated with a halving in the odds for bipolar disorder whereas those 
with higher scores on the Western dietary pattern and glycemic load measures were 
more likely to have bipolar disorder (Jacka et al., 2011a). Associations between 
 Nutrients and Mental Health 147
diet quality and mental health outcomes have also been reported in a study of more 
than 7000 adults in western Norway (Jacka et al., 2011c). A healthier diet, mea-
sured with an a priori diet quality score, was associated with a reduction in the odds 
ratios for depression and anxiety in women and with reduced odds for depression, 
but not anxiety, in men. Nanri et al. (2010) have also reported that middle-aged 
Japanese municipal employees who were in the highest tertile of healthy Japa-
nese dietary pattern scores, characterized by higher intakes of vegetables, fruit, 
soy products, and mushrooms, were significantly less likely to be depressed than 
those in the lowest tertile, although there was no discernible relationship between 
unhealthy food intake and depression. In the United States, a healthier diet was 
associated with reduced depressive symptoms cross-sectionally, including after 
adjustment for race, gender, age, education, and income (Kuczmarski et al., 2010). 
Conversely, an increased consumption of high-calorie sweet foods was associated 
with increased depressive symptoms in more than 4500 middle-aged US women 
(Jeffery et al., 2009). In the same study, an increased intake of low-calorie foods 
(eg, green salads, roast chicken, baked fish, low-fat milk, and cold cereals) was 
associated with reduced depressive symptoms, independent of age, race, body 
mass index (BMI), and education.
There are many prospective studies that have also shed light on this topic. In 
Spain, Sanchez-Villegas et al. (2009) demonstrated an inverse association between 
the level of adherence to a Mediterranean dietary pattern (MDP) and the risk for 
incident depression over time in more than 10,000 middle-aged university gradu-
ates. This association existed before and after controlling for a comprehensive range 
of potentially confounding factors, including sociodemographic, anthropometric, 
and lifestyle factors; other health behaviors; and medical history. Of course, depres-
sion itself may cause poor dietary choices, which may in turn worsen an existing 
condition. Thus many of the prospective studies have conducted sensitivity analy-
ses to investigate the “reverse causality” hypothesis. In the SUN Cohort study the 
authors attempted to refute reverse causality as an explanatory factor by repeating 
analyses after excluding participants who reported depression in the first 2 years of 
follow-up, as well as examining depression at or before the baseline assessment as 
an exposure, with adherence to the MDP as the outcome variable (Sanchez-Villegas 
et al., 2009). In fact, the relationship of diet to MDP adherence was strengthened 
rather than diminished after removing participants with incipient depression whereas 
there was no observable relationship between earlier depression and adherence to 
the MDP. A study undertaken in the ongoing Whitehall II cohort study also found an 
increased risk for incident depression over 5 years in people consuming a Western-
style diet pattern as well as a reduced risk for those eating a “whole-foods” diet 
pattern (Akbaraly et al., 2009). These authors also excluded those identified with 
depression at baseline and reanalyzed the data, examining depression at an early time 
point as a predictor of diet quality at the next follow-up. Once again, results of these 
analyses did not support depression as a predictor of poor dietary behavior. Indeed, 
a recent Australian study explicitly addressed the reverse causality hypothesis and 
found—contrary to expectations—that individuals who had previously experienced 
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depression had better diets on average than those who had no such history of depres-
sion (Jacka et al., 2015). Such data suggest that the relationship between depressive 
symptoms and dietary changes may not be straightforward.
Another important consideration in these observational studies is the possibility 
that other factors explain the association between diet and mental health. Given that 
socioeconomic position is consistently related to both poorer quality diet (Galobardes 
et al., 2001; Henderson et al., 2002) and risk for depression (Butterworth et al., 2012), 
there is no doubt that factors such as educational level, social disadvantage, and 
occupation are plausible explanations for the relationships observed between diet 
and depression. Although most previous studies in this field have included appropri-
ate measures in their analyses and largely excluded them as explanatory variables, 
it is inevitable that the tools used to measure such factors will be imperfect and 
unable to fully capture the construct of socioeconomic circumstances. One recent 
study did attempt to address this issue and constructed a comprehensive variable 
that encompassed labor force status, occupation, educational attainment, income, 
welfare dependency, financial hardship, and childhood disadvantage. Although this 
construct did explain the cross-sectional relationship between unhealthy diet and 
depression observed in older Australian adults in this study, it did not fully explain 
the prospective associations seen between dietary patterns and mental health over 
time in this group (Jacka et al., 2014).
Thus the hypothesis that diet is related to common mental disorders, particu-
larly depression, is supported by studies in a wide range of countries and cultures as 
diverse as Spain, Norway, China, the United States, Japan, Australia, and many oth-
ers. Reflecting this, a recent systematic review and meta-analysis, including results 
from 13 observational studies, concluded that a healthy diet is significantly associ-
ated with a reduced odds for depression (odds ratio: 0.84; 95% confidence interval 
[CI]: 0.76, 0.92; P < 0.001) (Lai et al., 2013). Likewise, a meta-analysis of 22 stud-
ies investigating the protective effects of adherence to a Mediterranean-style diet on 
brain diseases demonstrated that higher adherence was associated with a reduced risk 
for depression (relative risk = 0.68, 95% CI: 0.54–0.86) as well as cognitive decline 
(Psaltopoulou et al., 2013).
At the other end of the age spectrum, diet quality is also associated with mental 
health in adolescents and children. In an Australian study, a lower consumption of a 
healthy diet and increased consumption of unhealthy and processed foods were inde-
pendently associated with increased odds for self-reported symptomatic depression 
in more than 7000 young adolescents (Jacka et al., 2010a). For those adolescents in 
the highest category of “healthy” diet scores, the likelihood of depression was nearly 
halved compared with those in the lowest category, whereas for those in the high-
est quintile of “unhealthy” diet score, the likelihood of depression was increased by 
nearly 80% compared with the lowest quintile. These relationships demonstrated 
a dietary intake-response pattern observed before and after adjustment for a wide 
range of potential confounding factors, including sociodemographic factors, health 
and dieting behaviors, and familial environment (Jacka et al., 2010a). Jacka et al. 
(2011b) also examined approximately 3000 Australian adolescents and found that 
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diet quality was cross-sectionally and prospectively associated with adolescent men-
tal health . In this study, improvements in diet quality were mirrored by improve-
ments in mental health whereas reductions in diet quality were associated with 
declining psychological functioning. Another Australian study reported that adoles-
cents with a dietary pattern higher in take-away foods, red meat, and sweets exhib-
ited higher levels of internalizing and externalizing behaviors, which are markers of 
mental health status (Oddy et al., 2009). However, there was no relationship observed 
between a healthy dietary pattern and such behaviors. Another study, in Chinese ado-
lescents, showed inverse relationships between higher scores on a traditional dietary 
pattern, comprising whole grains, vegetables, fruit, rice, and soya products, and 
depression and anxiety as well as positive relationships between both an unhealthy 
snacking dietary pattern and a high meat dietary pattern and depression and anxiety 
(Weng et al., 2012). In Norway a high consumption of unhealthy foods was associ-
ated with increased odds for behavioral problems in adolescents whereas both fruit 
and fish consumption were associated with fewer behavioral problems (Overby and 
Hoigaard, 2012), although there was no relationship between vegetable consump-
tion and behavior. Likewise, a German study reported that an increased intake of 
confectionery was associated with increased emotional symptoms in children com-
pared with low intake whereas a higher diet quality score was associated with lower 
odds for emotional symptoms after adjustment for variables such as sociodemo-
graphic characteristics, BMI, physical activity, television viewing, and computer use 
(Kohlboeck et al., 2012).
Another important consideration is that of the possible impact of nutrition 
in very early life and its relationship to the risk for mental health problems in 
children. Early-life exposures appear to potently influence child behavioral, emo-
tional, and learning outcomes (Lewis et al., 2014). Therefore a better understand-
ing of this critical developmental period is of immense importance in identifying 
early-life risk factors that are modifiable, such as diet, to support prevention 
efforts. In this context there are important data from a very large Norwegian 
cohort study indicating that unhealthy maternal diet during pregnancy, as well 
as both healthy and unhealthy dietary patterns during the first years of life, are 
associated with the risk for mental health problems in young children (Jacka 
et al., 2013b). In this study there was evidence suggesting consistently great 
effects of unhealthy diets on children’s emotional and behavioral outcomes com-
pared with the possible effects of insufficient healthy food intake. This study 
has now received support from two further gold standard cohort studies. In the 
Generation R study in the Netherlands, a lower level of adherence to a healthy 
MDP and higher adherence to an unhealthy Dutch dietary pattern in pregnancy 
were independently related to emotional-behavioral dysregulation in children in 
their early years (Steenweg-de Graaff et al., 2014). Likewise, studies conducted 
using data from the Avon Longitudinal Study of Parents and Children in the 
United Kingdom have reported relationships between maternal dietary patterns 
and both cognition and emotional-behavioral dysregulation in children (Barker 
et al., 2013; Pina-Camacho et al., 2014).
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Reflecting the new data in this field, a systematic review concluded that an 
increased consumption of unhealthy, sugary, and fat-rich foods is related to increased 
risk of psychological symptomatology in children and adolescents (O’Neil et al., 
2014). Given that most mental health problems develop by age 25, and that diet is 
a modifiable environmental exposure for the entire population, these new data in 
children and adolescents have important public health implications. Taken together 
with the studies in adults, this nascent but compelling evidence base indicates that 
the global changes in dietary habits are likely to be influencing the prevalence of 
common mental disorders.
INTERVENTION STUDIES
This new body of observational data is notable for the relative consistency of the 
reported relationships and the observed effect sizes. Inverse relationships between 
diet quality and mental health have now been reported across a multitude of coun-
tries, from children through to the elderly, in men and women, and utilizing a wide 
range of mental health and dietary measures. However, although there is one trial 
currently underway (O’Neil et al., 2013), so far there have been no published stud-
ies that have specifically sought to answer the question “If I improve my diet, will I 
feel less depressed?”. This is an increasingly common question in clinical practice 
and the general community, and it remains unanswered to date, representing a seri-
ous gap in our knowledge base. A systematic review examined the data from dietary 
interventions that have examined mental health outcomes in various populations and 
concluded that, although data from depressed samples are currently lacking, there is 
some evidence suggesting a positive impact of dietary improvement on depression 
(Opie et al., 2014).
It is also worth noting the new data from two intervention studies that support 
dietary improvement as a means to prevent the incidence of depression. In the large 
PREDIMED study, older individuals randomized to an MDP compared with a low-fat 
diet tended to be less likely to develop depression over the period of the intervention, 
and this relationship was particularly pronounced for those individuals with type 2 
diabetes (Sanchez-Villegas et al., 2013). Those in the Mediterranean diet groups also 
demonstrated improved cognition compared with controls (Martinez-Lapiscina et al., 
2013). Another US study reported that dietary counseling was as effective as psycho-
therapy in reducing the rate of transition from subsyndromal to clinical depression 
in older adults (Stahl et al., 2014). Although these two studies must be regarded as 
preliminary evidence given the lack of statistical power in the PREDIMED study and 
the lack of a control group in the US intervention, they do give rise to some optimism 
regarding the potential of dietary interventions to prevent depression.
CLINICAL APPLICATIONS
This new literature provides face validity for the role of nutritional factors in the 
genesis and management of depression. Although the nascent evidence base consists 
primarily of reports from observational studies, the data largely fulfill the Bradford 
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Hill criteria for causality (Jacka et al., 2012c) and are consistent and compelling. 
Moreover, although there is currently a dearth of evidence regarding the efficacy 
of dietary modulation to treat depression, it is clear that diet has a major impact on 
comorbid physical disorders that are disproportionally more common in people with 
depression, such as cardiovascular disorders and diabetes. This suggests that policy, 
public health, and clinical actions taken to improve diet should have benefits for 
mental health (Jacka et al., 2012c), with the precautionary principle supporting such 
actions.
It is critical that we now gain a detailed understanding of the pathophysio-
logical pathways that mediate this relationship to develop targeted interventions. 
These are thus far unknown. Chronic low-grade inflammation, with accompany-
ing oxidative stress, is a common feature of virtually all mental disorders, as well 
as the somatic disorders with which mental disorders are so commonly comor-
bid. This indicates a central role for immune system dysfunction in mental illness 
(Berk et al., 2013). Related to this is the new knowledge regarding the human 
gut microbiome as a core driver of immune functioning and the development of 
the brain and the metabolic and innate immune system during early life. Indeed, 
emerging data from experimental and human studies now suggest that the gut is a 
key pathway by which environmental factors, such as poor diet, sedentary behav-
ior, and stress, influence the immune system and host health, with downstream 
effects on the risk for mental, as well as physical, disorders. This highlights 
the urgent need to elucidate the role of diet in the bidirectional communication 
within this axis and the development of new preventive and therapeutic interven-
tions for these disorders based on modification of diet, the gut microbiome, and 
immune function.
REFERENCES
Adair, L.S., Popkin, B.M., 2005. Are child eating patterns being transformed globally? Obes. 
Res. 13, 1281–1299.
Akbaraly, T.N., Brunner, E.J., Ferrie, J.E., Marmot, M.G., Kivimaki, M., Singh-Manoux, 
A., 2009. Dietary pattern and depressive symptoms in middle age. Br. J. Psychiatry 195, 
408–413.
Amani, R., Saeidi, S., Nazari, Z., Nematpour, S., 2011. Correlation between dietary zinc 
intakes and its serum levels with depression scales in young female students. Biol. Trace 
Elem. Res. 137, 150–158.
Appleton, K.M., Rogers, P.J., Ness, A.R., 2010. Updated systematic review and meta-analysis 
of the effects of n-3 long-chain polyunsaturated fatty acids on depressed mood. Am. J. 
Clin. Nutr. 91, 757–770.
Appleton, K.M., Woodside, J.V., Yarnell, J.W., Arveiler, D., Haas, B., Amouyel, P., Montaye, 
M., Ferrieres, J., Ruidavets, J.B., Ducimetiere, P., Bingham, A., Evans, A., 2007. Depressed 
mood and dietary fish intake: direct relationship or indirect relationship as a result of diet 
and lifestyle? J. Affect Disord. 104, 217–223.
Barker, E.D., Kirkham, N., Ng, J., Jensen, S.K., 2013. Prenatal maternal depression symptoms 
and nutrition, and child cognitive function. Br. J. Psychiatry 203, 417–421.
CHAPTER 8 Global and Epidemiological Perspectives152
Barragan-Rodriguez, L., Rodriguez-Moran, M., Guerrero-Romero, F., 2008. Efficacy and 
safety of oral magnesium supplementation in the treatment of depression in the elderly 
with type 2 diabetes: a randomized, equivalent trial. Magnes. Res. Off. Organ Int. Soc. 
Dev. Res. Magnes. 21, 218–223.
Berk, M., Williams, L.J., Jacka, F., O’Neil, A., Pasco, J.A., Moylan, S., Allen, N.B., Stuart, 
A.L., Hayley, A.C., Byrne, M.L., Maes, M., 2013. So depression is an inflammatory 
disease, but where does the inflammation come from? BMC Med. 11, 200.
Bloom, D.E., Cafiero, E.T., Jane-Llopis, E., Abrahams-Gessel, S., Bloom, L.R., Fathima, 
S., Fiegl, A.B., 2011. The Global Economic Burden of Non-communicable Diseases: A 
Report by the World Economic Forum and the Harvard School of Public Health.
Bountziouka, V., Polychronopoulos, E., Zeimbekis, A., Papavenetiou, E., Ladoukaki, E., 
Papairakleous, N., Gotsis, E., Metallinos, G., Lionis, C., Panagiotakos, D., 2009. Long-
term fish intake is associated with less severe depressive symptoms among elderly men 
and women: the MEDIS (MEDiterranean ISlands Elderly) epidemiological study. J. Aging 
Health 21, 864–880.
Bowman, S., Friday, J., Thoerig, R., Clemens, J., Moshfegh, A., 2014. Americans consume 
less added sugars and solid fats and consume more whole grains and oils: changes from 
2003–04 to 2009–10. FASEB J. 28, 369.2.
Brand-Miller, J.C., Holt, S.H., 1998. Australian aboriginal plant foods: a consideration of their 
nutritional composition and health implications. Nutr. Res. Rev. 11, 5–23.
Briefel, R.R., Johnson, C.L., 2004. Secular trends in dietary intake in the United States. Annu. 
Rev. Nutr. 24, 401–431.
Butterworth, P., Olesen, S.C., Leach, L.S., 2012. The role of hardship in the association 
between socio-economic position and depression. Aust. N. Z. J. Psychiatry 46, 364–373.
Cheungpasitporn, W., Thongprayoon, C., Mao, M.A., Srivali, N., Ungprasert, P., Varothai, 
N., Sanguankeo, A., Kittanamongkolchai, W., Erickson, S.B., 2015. Hypomagnesaemia 
linked to depression: a systematic review and meta-analysis. Intern. Med. J. 45, 436–440.
Colangelo, L.A., He, K., Whooley, M.A., Daviglus, M.L., Liu, K., 2009. Higher dietary intake 
of long-chain omega-3 polyunsaturated fatty acids is inversely associated with depressive 
symptoms in women. Nutrition 25 (10).
Collishaw, S., Maughan, B., Goodman, R., Pickles, A., 2004. Time trends in adolescent mental 
health. J. Child Psychol. Psychiatry 45, 1350–1362.
Cordain, L., Eaton, S.B., Miller, J.B., Mann, N., Hill, K., 2002. The paradoxical nature of 
hunter-gatherer diets: meat-based, yet non-atherogenic. Eur. J. Clin. Nutr. 56 (Suppl. 1), 
S42–S52.
Cordain, L., Eaton, S.B., Sebastian, A., Mann, N., Lindeberg, S., Watkins, B.A., O’Keefe, 
J.H., Brand-Miller, J., 2005. Origins and evolution of the Western diet: health implications 
for the 21st century. Am. J. Clin. Nutr. 81, 341–354.
Danaei, G., Lawes, C.M., Vander Hoorn, S., Murray, C.J., Ezzati, M., 2006. Global and regional 
mortality from ischaemic heart disease and stroke attributable to higher-than-optimum 
blood glucose concentration: comparative risk assessment. Lancet 368, 1651–1659.
Derom, M.L., Martinez-Gonzalez, M.A., Sayon-Orea Mdel, C., Bes-Rastrollo, M., Beunza, 
J.J., Sanchez-Villegas, A., 2012. Magnesium intake is not related to depression risk in 
Spanish university graduates. J. Nutr. 142, 1053–1059.
Eaton, S.B., Eaton 3rd, S.B., 2000. Paleolithic versus modern diets–selected pathophysiological 
implications. Eur. J. Nutr. 39, 67–70.
Eaton, S.B., Konner, M., 1985. Paleolithic nutrition. A consideration of its nature and current 
implications. N. Engl. J. Med. 312, 283–289.
 References 153
Fu, T.S., Lee, C.S., Gunnell, D., Lee, W.C., Cheng, A.T., 2013. Changing trends in the 
prevalence of common mental disorders in Taiwan: a 20-year repeated cross-sectional 
survey. Lancet 381, 235–241.
Food and Agriculture Organization (FAO), 2004. Globalization of food systems in developing 
countries: impact on food security and nutrition. FAO Food Nutr. 83.
Galobardes, B., Morabia, A., Bernstein, M.S., 2001. Diet and socioeconomic position: does 
the use of different indicators matter? Int. J. Epidemiol. 30, 334–340.
Gilbody, S., Lightfoot, T., Sheldon, T., 2007. Is low folate a risk factor for depression? A meta-
analysis and exploration of heterogeneity. J. Epidemiol. Community Health 61, 631–637.
Henderson, L., Gregory, J., Swan, G., 2002. The National Diet and Nutrition Survey: Adults 
Aged 19–64 Years: Types and Quantities of Foods Consumed. HMSO, London.
Hibbeln, J.R., 1998. Fish consumption and major depression. Lancet 351, 1213.
Hibbeln, J.R., 2002. Seafood consumption, the DHA content of mothers’ milk and prevalence 
rates of postpartum depression: a cross-national, ecological analysis. J. Affect. Disord. 69, 
15–29.
Jacka, F., Kremer, P., Leslie, E., Berk, M., Patton, G., Toumbourou, J., Williams, J., 2010a. 
Associations between diet quality and depressed mood in adolescents: results from the 
Australian healthy neighbourhoods study. Aust. N. Z. J. Psychiatry 44, 435–442.
Jacka, F., Pasco, J., Mykletun, A., Williams, L., Hodge, A., O’Reilly, S., et al., 2010b. 
Association of Western and traditional diets with depression and anxiety in women. Am. 
J. Psychiatry 167, 305–311.
Jacka, F.N., Pasco, J.A., Mykletun, A., Williams, L.J., Nicholson, G.C., Kotowicz, M.A., Berk, 
M., 2011a. Diet quality in bipolar disorder in a population-based sample of women. J. 
Affect. Disord. 129, 332–337.
Jacka, F.N., Pasco, J.A., Williams, L.J., Mann, N., Hodge, A., Brazionis, L., Berk, M., 2012a. 
Red meat consumption and mood and anxiety disorders. Psychother. Psychosom. 81, 
196–198.
Jacka, F.N., Cherbuin, N., Anstey, K.J., Butterworth, P., 2014. Dietary patterns and depressive 
symptoms over time: examining the relationships with socioeconomic position, health 
behaviors and cardiovascular risk. PLoS One 9, e87657.
Jacka, F.N., Cherbuin, N., Anstey, K.J., Butterworth, P., 2015. Does reverse causality explain 
the relationship between diet and depression? J. Affect. Disord. 175, 248–250.
Jacka, F.N., Kremer, P.J., Berk, M., de Silva-Sanigorski, A.M., Moodie, M., Leslie, E.R., 
Pasco, J.A., Swinburn, B.A., 2011b. A prospective study of diet quality and mental health 
in adolescents. PLoS One 6, e24805.
Jacka, F.N., Maes, M., Pasco, J.A., Williams, L.J., Berk, M., 2012b. Nutrient intakes and the 
common mental disorders in women. J. Affect. Disord. 141, 79–85.
Jacka, F.N., Mykletun, A., Berk, M., 2012c. Moving towards a population health approach to 
the primary prevention of common mental disorders. BMC Med. 10, 149.
Jacka, F.N., Mykletun, A., Berk, M., Bjelland, I., Tell, G.S., 2011c. The association between 
habitual diet quality and the common mental disorders in community-dwelling adults: the 
Hordaland health study. Psychosom. Med. 73, 483–490.
Jacka, F.N., Overland, S., Stewart, R., Tell, G.S., Bjelland, I., Mykletun, A., 2009. Association 
between magnesium intake and depression and anxiety in community-dwelling adults: the 
Hordaland health study. Aust. N. Z. J. Psychiatry 43, 45–52.
Jacka, F.N., Pasco, J.A., Williams, L.J., Meyer, B.J., Digger, R., Berk, M., 2013a. Dietary 
intake of fish and PUFA, and clinical depressive and anxiety disorders in women. Br. J. 
Nutr. 109, 2059–2066.
CHAPTER 8 Global and Epidemiological Perspectives154
Jacka, F.N., Ystrom, E., Brantsaeter, A.L., Karevold, E., Roth, C., Haugen, M., Meltzer, 
H.M., Schjolberg, S., Berk, M., 2013b. Maternal and early postnatal nutrition and mental 
health of offspring by age 5 years: a prospective cohort study. J. Am. Acad. Child Adolesc. 
Psychiatry 52, 1038–1047.
Jeffery, R.W., Linde, J.A., Simon, G.E., Ludman, E.J., Rohde, P., Ichikawa, L.E., Finch, E.A., 
2009. Reported food choices in older women in relation to body mass index and depressive 
symptoms. Appetite 52, 238–240.
Kant, A.K., 2000. Consumption of energy-dense, nutrient-poor foods by adult Americans: 
nutritional and health implications. The Third National Health and Nutrition Examination 
Survey, 1988–1994. Am. J. Clin. Nutr. 72, 929–936.
Kim, J.M., Stewart, R., Kim, S.W., Yang, S.J., Shin, I.S., Yoon, J.S., 2008. Predictive value of folate, 
vitamin B12 and homocysteine levels in late-life depression. Br. J. Psychiatry 192, 268–274.
Kohlboeck, G., Sausenthaler, S., Standl, M., Koletzko, S., Bauer, C., von Berg, A., Berdel, 
D., KrÃmer, U., Schaaf, B., Lehmann, I., Herbarth, O., Heinrich, J., 2012. Food intake, 
diet quality and behavioral problems in children: results from the GINI-plus/LISA-plus 
studies. Ann. Nutr. Metab. 60, 247–256.
Kuczmarski, M.F., Cremer Sees, A., Hotchkiss, L., Cotugna, N., Evans, M.K., Zonderman, 
A.B., 2010. Higher healthy eating index-2005 scores associated with reduced symptoms 
of depression in an urban population: findings from the Healthy Aging in Neighborhoods 
of Diversity across the Life Span (HANDLS) study. J. Am. Diet. Assoc. 110, 383–389.
Lai, J., Moxey, A., Nowak, G., Vashum, K., Bailey, K., McEvoy, M., 2011. The efficacy of 
zinc supplementation in depression: systematic review of randomised controlled trials. J. 
Affect Disord. 136 (1–2).
Lai, J.S., Hiles, S., Bisquera, A., Hure, A.J., McEvoy, M., Attia, J., 2013. A systematic review 
and meta-analysis of dietary patterns and depression in community-dwelling adults. Am. 
J. Clin. Nutr. 99, 181–197.
Larson, N.I., Story, M.T., Nelson, M.C., 2009. Neighborhood environments: disparities in 
access to healthy foods in the United States. Am. J. Prev. Med. 36, 74–81.
Lewis, A.J., Galbally, M., Gannon, T., Symeonides, C., 2014. Early life programming as a 
target for prevention of child and adolescent mental disorders. BMC Med. 12.
Lin, P.Y., Mischoulon, D., Freeman, M.P., Matsuoka, Y., Hibbeln, J., Belmaker, R.H., Su, 
K.P., 2012. Are omega-3 fatty acids antidepressants or just mood-improving agents? The 
effect depends upon diagnosis, supplement preparation, and severity of depression. Mol. 
Psychiatry 17, 1161–1163. author reply 1163–1167.
Maes, M., Galecki, P., Chang, Y.S., Berk, M., 2011. A review on the oxidative and nitrosative 
stress (O&NS) pathways in major depression and their possible contribution to the (neuro)
degenerative processes in that illness. Prog. Neuropsychopharmacol. Biol. Psychiatry 35, 
676–692.
Martinez-Lapiscina, E.H., Clavero, P., Toledo, E., Estruch, R., Salas-Salvado, J., San Julian, 
B., Sanchez-Tainta, A., Ros, E., Valls-Pedret, C., Martinez-Gonzalez, M.A., 2013. 
Mediterranean diet improves cognition: the PREDIMED-NAVARRA randomised trial. J. 
Neurol. Neurosurg. Psychiatry 84, 1318–1325.
Maughan, B., Collishaw, S., Meltzer, H., Goodman, R., 2008. Recent trends in UK child and 
adolescent mental health. Soc. Psychiatry Psychiatr. Epidemiol. 43, 305–310.
Metz, J., Hart, D., Harpending, H.C., 1971. Iron, folate, and vitamin B12 nutrition in a hunter-
gatherer people: a study of the Kung Bushmen. Am. J. Clin. Nutr. 24, 229–242.
Morris, M.S., Fava, M., Jacques, P.F., Selhub, J., Rosenberg, I.H., 2003. Depression and folate 
status in the United States population. Psychother. Psychosom. 72, 80–87.
 References 155
Murakami, K., Mizoue, T., Sasaki, S., Ohta, M., Sato, M., Matsushita, Y., Mishima, N., 2008. 
Dietary intake of folate, other B vitamins, and omega-3 polyunsaturated fatty acids in 
relation to depressive symptoms in Japanese adults. Nutrition 24, 140–147.
Murray, C.J., Vos, T., Lozano, R., Naghavi, M., Flaxman, A.D., Michaud, C., Ezzati, M., 
Shibuya, K., Salomon, J.A., Abdalla, S., Aboyans, V., Abraham, J., Ackerman, I., 
Aggarwal, R., Ahn, S.Y., Ali, M.K., Alvarado, M., Anderson, H.R., Anderson, L.M., 
Andrews, K.G., Atkinson, C., Baddour, L.M., Bahalim, A.N., Barker-Collo, S., Barrero, 
L.H., Bartels, D.H., Basanez, M.G., Baxter, A., Bell, M.L., Benjamin, E.J., Bennett, D., 
Bernabe, E., Bhalla, K., Bhandari, B., Bikbov, B., Bin Abdulhak, A., Birbeck, G., Black, 
J.A., Blencowe, H., Blore, J.D., Blyth, F., Bolliger, I., Bonaventure, A., Boufous, S., 
Bourne, R., Boussinesq, M., Braithwaite, T., Brayne, C., Bridgett, L., Brooker, S., 
Brooks, P., Brugha, T.S., Bryan-Hancock, C., Bucello, C., Buchbinder, R., Buckle, G., 
Budke, C.M., Burch, M., Burney, P., Burstein, R., Calabria, B., Campbell, B., Canter, 
C.E., Carabin, H., Carapetis, J., Carmona, L., Cella, C., Charlson, F., Chen, H., Cheng, 
A.T., Chou, D., Chugh, S.S., Coffeng, L.E., Colan, S.D., Colquhoun, S., Colson, K.E., 
Condon, J., Connor, M.D., Cooper, L.T., Corriere, M., Cortinovis, M., de Vaccaro, K.C., 
Couser, W., Cowie, B.C., Criqui, M.H., Cross, M., Dabhadkar, K.C., Dahiya, M., 
Dahodwala, N., Damsere-Derry, J., Danaei, G., Davis, A., De Leo, D., Degenhardt, L., 
Dellavalle, R., Delossantos, A., Denenberg, J., Derrett, S., Des Jarlais, D.C., Dharmaratne, 
S.D., Dherani, M., Diaz-Torne, C., Dolk, H., Dorsey, E.R., Driscoll, T., Duber, H., Ebel, 
B., Edmond, K., Elbaz, A., Ali, S.E., Erskine, H., Erwin, P.J., Espindola, P., Ewoigbokhan, 
S.E., Farzadfar, F., Feigin, V., Felson, D.T., Ferrari, A., Ferri, C.P., Fevre, E.M., Finucane, 
M.M., Flaxman, S., Flood, L., Foreman, K., Forouzanfar, M.H., Fowkes, F.G., Fransen, 
M., Freeman, M.K., Gabbe, B.J., Gabriel, S.E., Gakidou, E., Ganatra, H.A., Garcia, B., 
Gaspari, F., Gillum, R.F., Gmel, G., Gonzalez-Medina, D., Gosselin, R., Grainger, R., 
Grant, B., Groeger, J., Guillemin, F., Gunnell, D., Gupta, R., Haagsma, J., Hagan, H., 
Halasa, Y.A., Hall, W., Haring, D., Haro, J.M., Harrison, J.E., Havmoeller, R., Hay, R.J., 
Higashi, H., Hill, C., Hoen, B., Hoffman, H., Hotez, P.J., Hoy, D., Huang, J.J., Ibeanusi, 
S.E., Jacobsen, K.H., James, S.L., Jarvis, D., Jasrasaria, R., Jayaraman, S., Johns, N., 
Jonas, J.B., Karthikeyan, G., Kassebaum, N., Kawakami, N., Keren, A., Khoo, J.P., 
King, C.H., Knowlton, L.M., Kobusingye, O., Koranteng, A., Krishnamurthi, R., Laden, 
F., Lalloo, R., Laslett, L.L., Lathlean, T., Leasher, J.L., Lee, Y.Y., Leigh, J., Levinson, 
D., Lim, S.S., Limb, E., Lin, J.K., Lipnick, M., Lipshultz, S.E., Liu, W., Loane, M., 
Ohno, S.L., Lyons, R., Mabweijano, J., MacIntyre, M.F., Malekzadeh, R., Mallinger, L., 
Manivannan, S., Marcenes, W., March, L., Margolis, D.J., Marks, G.B., Marks, R., 
Matsumori, A., Matzopoulos, R., Mayosi, B.M., McAnulty, J.H., McDermott, M.M., 
McGill, N., McGrath, J., Medina-Mora, M.E., Meltzer, M., Mensah, G.A., Merriman, 
T.R., Meyer, A.C., Miglioli, V., Miller, M., Miller, T.R., Mitchell, P.B., Mock, C., 
Mocumbi, A.O., Moffitt, T.E., Mokdad, A.A., Monasta, L., Montico, M., Moradi-Lakeh, 
M., Moran, A., Morawska, L., Mori, R., Murdoch, M.E., Mwaniki, M.K., Naidoo, K., 
Nair, M.N., Naldi, L., Narayan, K.M., Nelson, P.K., Nelson, R.G., Nevitt, M.C., Newton, 
C.R., Nolte, S., Norman, P., Norman, R., O’Donnell, M., O’Hanlon, S., Olives, C., 
Omer, S.B., Ortblad, K., Osborne, R., Ozgediz, D., Page, A., Pahari, B., Pandian, J.D., 
Rivero, A.P., Patten, S.B., Pearce, N., Padilla, R.P., Perez-Ruiz, F., Perico, N., Pesudovs, 
K., Phillips, D., Phillips, M.R., Pierce, K., Pion, S., Polanczyk, G.V., Polinder, S., Pope 
3rd, C.A., Popova, S., Porrini, E., Pourmalek, F., Prince, M., Pullan, R.L., Ramaiah, 
K.D., Ranganathan, D., Razavi, H., Regan, M., Rehm, J.T., Rein, D.B., Remuzzi, G., 
Richardson, K., Rivara, F.P., Roberts, T., Robinson, C., De Leon, F.R., Ronfani, L., 
CHAPTER 8 Global and Epidemiological Perspectives156
Room, R., Rosenfeld, L.C., Rushton, L., Sacco, R.L., Saha, S., Sampson, U., Sanchez-
Riera, L., Sanman, E., Schwebel, D.C., Scott, J.G., Segui-Gomez, M., Shahraz, S., 
Shepard, D.S., Shin, H., Shivakoti, R., Singh, D., Singh, G.M., Singh, J.A., Singleton, 
J., Sleet, D.A., Sliwa, K., Smith, E., Smith, J.L., Stapelberg, N.J., Steer, A., Steiner, T., 
Stolk, W.A., Stovner, L.J., Sudfeld, C., Syed, S., Tamburlini, G., Tavakkoli, M., Taylor, 
H.R., Taylor, J.A., Taylor, W.J., Thomas, B., Thomson, W.M., Thurston, G.D., Tleyjeh, 
I.M., Tonelli, M., Towbin, J.A., Truelsen, T., Tsilimbaris, M.K., Ubeda, C., Undurraga, 
E.A., van der Werf, M.J., van Os, J., Vavilala, M.S., Venketasubramanian, N., Wang, M., 
Wang, W., Watt, K., Weatherall, D.J., Weinstock, M.A., Weintraub, R., Weisskopf, M.G., 
Weissman, M.M., White, R.A., Whiteford, H., Wiebe, N., Wiersma, S.T., Wilkinson, 
J.D., Williams, H.C., Williams, S.R., Witt, E., Wolfe, F., Woolf, A.D., Wulf, S., Yeh, 
P.H., Zaidi, A.K., Zheng, Z.J., Zonies, D., Lopez, A.D., 2013. Disability-adjusted life 
years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic 
analysis for the Global Burden of Disease Study 2010. Lancet 380, 2197–2223.
Nanri, A., Hayabuchi, H., Ohta, M., Sato, M., Mishima, N., Mizoue, T., 2012. Serum folate and 
depressive symptoms among Japanese men and women: a cross-sectional and prospective 
study. Psychiatry Res.
Nanri, A., Kimura, Y., Matsushita, Y., Ohta, M., Sato, M., Mishima, N., Sasaki, S., Mizoue, T., 
2010. Dietary patterns and depressive symptoms among Japanese men and women. Eur. 
J. Clin. Nutr. 64, 832–839.
Noaghiul, S., Hibbeln, J.R., 2003. Cross-national comparisons of seafood consumption and 
rates of bipolar disorders. Am. J. Psychiatry 160, 2222–2227.
Nowak, G., Siwek, M., Dudek, D., Zieba, A., Pilc, A., 2003a. Effect of zinc supplementation 
on antidepressant therapy in unipolar depression: a preliminary placebo-controlled study. 
Pol. J. Pharmacol. 55, 1143–1147.
Nowak, G., Szewczyk, B., Wieronska, J.M., Branski, P., Palucha, A., Pilc, A., Sadlik, K., 
Piekoszewski, W., 2003b. Antidepressant-like effects of acute and chronic treatment with 
zinc in forced swim test and olfactory bulbectomy model in rats. Brain Res. Bull. 61, 
159–164.
O’Dea, K., 1984. Marked improvement in carbohydrate and lipid metabolism in diabetic 
Australian aborigines after temporary reversion to traditional lifestyle. Diabetes 33, 
596–603.
O’Dea, K., Sinclair, A.J., 1985. The effects of low-fat diets rich in arachidonic acid on the 
composition of plasma fatty acids and bleeding time in Australian aborigines. J. Nutr. Sci. 
Vitaminol. (Tokyo) 31, 441–453.
O’Donnell, M., Anderson, D., Morgan, V.A., Nassar, N., Leonard, H.M., Stanley, F.J., 2013. 
Trends in pre-existing mental health disorders among parents of infants born in Western 
Australia from 1990 to 2005. Med. J. Aust. 198, 485–488.
O’Neil, A., Berk, M., Itsiopoulos, C., Castle, D., Opie, R., Pizzinga, J., Brazionis, L., Hodge, 
A., Mihalopoulos, C., Chatterton, M.L., Dean, O.M., Jacka, F.N., 2013. A randomised, 
controlled trial of a dietary intervention for adults with major depression (the “SMILES” 
trial): study protocol. BMC Psychiatry 13.
O’Neil, A., Quirk, S.E., Housden, S., Brennan, S.L., Williams, L.J., Pasco, J.A., Berk, M., 
Jacka, F.N., 2014. Relationship between diet and mental health in children and adolescents: 
a systematic review. Am. J. Public Health 104, e31–e42.
Oddy, W.H., Robinson, M., Ambrosini, G.L., O’Sullivan, T.A., de Klerk, N.H., Beilin, L.J., 
Silburn, S.R., Zubrick, S.R., Stanley, F.J., 2009. The association between dietary patterns 
and mental health in early adolescence. Prev. Med. 49, 39–44.
 References 157
Opie, R.S., O’Neil, A., Itsiopoulos, C., Jacka, F.N., 2014. The impact of whole-of-diet 
interventions on depression and anxiety: a systematic review of randomised controlled 
trials. Public Health Nutr. 1–20.
Overby, N., Hoigaard, R., 2012. Diet and behavioral problems at school in Norwegian 
adolescents. Food Nutr. Res. 56.
Pina-Camacho, L., Jensen, S., Gaysina, D., Barker, E.D., 2014. Maternal depression 
symptoms, unhealthy diet and child emotional–behavioural dysregulation. Eur. 
Neuropsychopharmacol. 24, S716–S717.
Poleszak, E., Szewczyk, B., Kedzierska, E., Wlaz, P., Pilc, A., Nowak, G., 2004. Antidepressant- 
and anxiolytic-like activity of magnesium in mice. Pharmacol. Biochem. Behav. 78, 7–12.
Poleszak, E., Wlaz, P., Kedzierska, E., Radziwon-Zaleska, M., Pilc, A., Fidecka, S., Nowak, 
G., 2005. Effects of acute and chronic treatment with magnesium in the forced swim test 
in rats. Pharmacol. Rep. 57, 654–658.
Popkin, B.M., 2002. The shift in stages of the nutrition transition in the developing world 
differs from past experiences! Public Health Nutr. 5, 205–214.
Popkin, B.M., Du, S., 2003. Dynamics of the nutrition transition toward the animal foods 
sector in China and its implications: a worried perspective. J. Nutr. 133, 3898S–3906S.
Popkin, B.M., Nielsen, S.J., 2003. The sweetening of the world’s diet. Obes. Res. 11, 
1325–1332.
Psaltopoulou, T., Sergentanis, T.N., Panagiotakos, D.B., Sergentanis, I.N., Kosti, R., Scarmeas, N., 
2013. Mediterranean diet, stroke, cognitive impairment, and depression: a meta-analysis. 
Ann. Neurol. 74, 580–591.
Ramos, M.I., Allen, L.H., Haan, M.N., Green, R., Miller, J.W., 2004. Plasma folate 
concentrations are associated with depressive symptoms in elderly Latina women despite 
folic acid fortification. Am. J. Clin. Nutr. 80, 1024–1028.
Roy, A., Evers, S.E., Avison, W.R., Campbell, M.K., 2011. Higher zinc intake buffers the 
impact of stress on depressive symptoms in pregnancy. Nutr. Res. 30, 695–704.
Sanchez-Villegas, A., Delgado-Rodriguez, M., Alonso, A., Schlatter, J., Lahortiga, F., Majem, 
L.S., Martinez-Gonzalez, M.A., 2009. Association of the Mediterranean dietary pattern 
with the incidence of depression: the Seguimiento Universidad de Navarra/University of 
Navarra follow-up (SUN) cohort. Arch. Gen. Psychiatry 66, 1090–1098.
Sanchez-Villegas, A., Henriquez, P., Figueiras, A., Ortuno, F., Lahortiga, F., Martinez-
Gonzalez, M.A., 2007. Long chain omega-3 fatty acids intake, fish consumption and 
mental disorders in the SUN cohort study. Eur. J. Nutr. 46, 337–346.
Sanchez-Villegas, A., Martinez-Gonzalez, M.A., Estruch, R., Salas-Salvado, J., Corella, D., Covas, 
M.I., Aros, F., Romaguera, D., Gomez-Gracia, E., Lapetra, J., Pinto, X., Martinez, J.A., Lamuela-
Raventos, R.M., Ros, E., Gea, A., Warnberg, J., Serra-Majem, L., 2013. Mediterranean dietary 
pattern and depression: the PREDIMED randomized trial. BMC Med. 11, 208.
Sarris, J., Mischoulon, D., Schweitzer, I., 2012. Omega-3 for bipolar disorder: meta-analyses 
of use in mania and bipolar depression. J. Clin. Psychiatry 73, 81–86.
Silvers, K.M., Scott, K.M., 2002. Fish consumption and self-reported physical and mental 
health status. Public Health Nutr. 5, 427–431.
Simopoulos, A.P., 2001. n-3 fatty acids and human health: defining strategies for public policy. 
Lipids 36 (Suppl.), S83–S89.
Singewald, N., Sinner, C., Hetzenauer, A., Sartori, S.B., Murck, H., 2004. Magnesium-deficient 
diet alters depression- and anxiety-related behavior in mice–influence of desipramine and 
Hypericum perforatum extract. Neuropharmacology 47, 1189–1197.
CHAPTER 8 Global and Epidemiological Perspectives158
Stahl, S.T., Albert, S.M., Dew, M.A., Lockovich, M.H., Reynolds 3rd, C.F., 2014. Coaching in 
healthy dietary practices in at-risk older adults: a case of indicated depression prevention. 
Am. J. Psychiatry 171, 499–505.
Steenweg-de Graaff, J., Tiemeier, H., Steegers-Theunissen, R.P., Hofman, A., Jaddoe, V.W., 
Verhulst, F.C., Roza, S.J., 2014. Maternal dietary patterns during pregnancy and child 
internalising and externalising problems. The Generation R Study. Clin. Nutr. 33, 115–121.
Swardfager, W., Herrmann, N., Mazereeuw, G., Goldberger, K., Harimoto, T., Lanctot, K.L., 
2013. Zinc in depression: a meta-analysis. Biol. Psychiatry 74, 872–878.
Swinburn, B.A., Sacks, G., Hall, K.D., McPherson, K., Finegood, D.T., Moodie, M.L., 
Gortmaker, S.L., 2011. The global obesity pandemic: shaped by global drivers and local 
environments. Lancet 378, 804–814.
Tanskanen, A., Hibbeln, J.R., Tuomilehto, J., Uutela, A., Haukkala, A., Viinamaki, H., 
Lehtonen, J., Vartiainen, E., 2001. Fish consumption and depressive symptoms in the 
general population in Finland. Psychiatr. Serv. 52, 529–531.
Tarleton, E.K., Littenberg, B., 2015. Magnesium intake and depression in adults. J. Am. Board 
Fam. Med. 28, 249–256.
Taylor, M.J., Carney, S.M., Goodwin, G.M., Geddes, J.R., 2004. Folate for depressive disorders: 
systematic review and meta-analysis of randomized controlled trials. J. Psychopharmacol. 
18, 251–256.
Timonen, M., Horrobin, D., Jokelainen, J., Laitinen, J., Herva, A., Rasanen, P., 2004. Fish 
consumption and depression: the Northern Finland 1966 birth cohort study. J. Affect. 
Disord. 82, 447–452.
Tolmunen, T., Hintikka, J., Ruusunen, A., Voutilainen, S., Tanskanen, A., Valkonen, V.P., 
Viinamaki, H., Kaplan, G.A., Salonen, J.T., 2004. Dietary folate and the risk of depression 
in Finnish middle-aged men. A prospective follow-up study. Psychother. Psychosom. 73, 
334–339.
Tolmunen, T., Voutilainen, S., Hintikka, J., Rissanen, T., Tanskanen, A., Viinamaki, H., 
Kaplan, G.A., Salonen, J.T., 2003. Dietary folate and depressive symptoms are associated 
in middle-aged Finnish men. J. Nutr. 133, 3233–3236.
Twenge, J.M., Gentile, B., DeWall, C.N., Ma, D., Lacefield, K., Schurtz, D.R., 2010. Birth 
cohort increases in psychopathology among young Americans, 1938–2007: a cross-
temporal meta-analysis of the MMPI. Clin. Psychol. Rev. 30, 145–154.
Vashum, K.P., McEvoy, M., Milton, A.H., McElduff, P., Hure, A., Byles, J., Attia, J., 2014. 
Dietary zinc is associated with a lower incidence of depression: findings from two 
Australian cohorts. J. Affect. Disord. 166, 249–257.
World Health Organization (WHO), 2011. Global Status Report on Noncommunicable 
Diseases 2010.
Walker, A.F., De Souza, M.C., Vickers, M.F., Abeyasekera, S., Collins, M.L., Trinca, L.A., 
1998. Magnesium supplementation alleviates premenstrual symptoms of fluid retention. J. 
Women’s Health Off. Publ. Soc. Adv. Women’s Health Res. 7, 1157–1165.
Weng, T.T., Hao, J.H., Qian, Q.W., Cao, H., Fu, J.L., Sun, Y., Huang, L., Tao, F.B., 2012. Is 
there any relationship between dietary patterns and depression and anxiety in Chinese 
adolescents? Public Health Nutr. 15, 673–682.
